Abstract: Concentrated growth factor (CGF) is an autogenuous product that contains highly concentrated number of platelets and can be derived from venous blood by selective centrifugation. It has been speculated that local growth factors in human platelets (insulinlike growth factor, IGF; transforming growth factor, TGF-b; platelet derived growth factor, PDGF) would enhance healing of grafts and also counteract resorption. The osteogensis effect of CGF and acellular dermal matrix (ADM) for alveolar cleft defects was evaluated in this study. Twenty alveolar cleft patients were divided randomly into two groups. One group underwent guided bone regeneration (GBR) using acellular dermal matrix film combined with alveolar bone grafting using iliac crest bone grafts (GBR group), while the other group underwent alveolar bone grafting combined with CGF (CGF group). Cone beam computed tomography (CBCT) images were obtained at 1 week and 6 months following the procedure. Using Mimics 17.0 software, the bone resorption rate and bone density improvement rate were calculated and compared between the two groups.
Introduction
Alveolar bone grafting (ABG) in patients with cleft lip and palate has become an essential part of the surgical management of cleft lip and palate(CLP) patients. The key to the success of this operation is to effectively secure the bone grafts and prevent soft tissue and bacteria invasion into the bone regeneration zone, thus reducing complications such as bone resorption, infection, and dehiscence. 1 Various methods have been proposed to improve the process of ABG. Currently, the state of the art in-growth factor-aided tissue with regard to reconstruction have been proposed to be an adjuvant of ABG, which can enhance bone formation and specifically to promote bone healing. Additionally, there Declaration of Interest: The authors certify that they have no commercial or associative interest that represents a conflict of interest in connection with the manuscript. is also a great interest in the ABG procedures that involve use of guided bone regeneration (GBR) to block the invasion of the surrounding soft tissue, allowing sufficient time for osteoblast proliferation in this reserved bone growth space for new bone generation.
2
Platelet agg regates, such as platelet-rich plasma(PRP) and platelet-rich fibrin (PRF), have been used to accelerate new bone formation associated with GBR for many years. In 2006, Sacco 3 introduced concentrated growth factors (CGFs), which contain more growth factors and a more rigid fibrin structure; CGFs have recently been used in the dental field. Because platelets are concentrated by varying the centrifuge speed, CGFs are known to contain more rigid and more growth factors than those of previous preparations [3] .Therefore, CGFs have been reported recently to be more effective in bone formation or soft tissue healing. 4 GBR uses acellular dermal matrix (ADM) membranes to block the invasion of the surrounding soft tissue, allowing sufficient time for osteoblast proliferation in this reserved bone growth space for new bone generation. 2 Clavijo-Alvarez et al. found that using ADM in ABG could prevent postoperative cancellous bone graft exposure without increasing the risk of mucosal disruption or the healing completion time [2] . It has been shown that ADM, as a cell membrane bracket, can promote cell adhesion and growth, providing a matrix that is conducive to wound healing. 5 To our knowledge, studies on the effect of CGF applied in ABG were not reported. Therefore, this study was planned with an aim to compare the osteogenesis efficacy of ADM and CGF for ABG procedure by radiographic analyses with expanded data and to find out clinical recommendation for surgery. The research protocol was approved by the Ethics Committee of Stomatological Hospital of Guangzhou Medical University.
Methodology
20 patients with alveolar cleft, in the age group of 8-25 years, with unilateral or bilateral cleft lip and palate, who received operation at Department of Oral and Maxillofacial Surgery, Stomatological Hospital of Guangzhou Medical University, from September 2015 to October 2016, were selected. The patients were randomly divided into two groups, the group A (11 patients) received cancellous bone graft from the anterior iliac crest with CGF while in the group B (9 patients), ADM membrane was used during alveolar bone grafting. All participants were assessed against defined inclusion and exclusion criteria. The inclusion criteria were a) a confirmed diagnosis of non-syndromic congenital unilateral complete alveolar cleft without systemic or genetic disorders, b) CLP repair surgery and ABG surgery with iliac crest bone grafting, c) absence of a palatal fistula, infection, or bone graft exposure following alveolar bone grafting surgery, d) clear 3D images of the reconstructed alveolar bone grafting areas were available.
Autologous CGF was prepared from freshly drawn venous blood of the patient. In this study, all patients were subjected to withdrawal of 20 ml of whole blood from peripheral vein of the dorsum of foot. Aliquots of the intravenous blood sample was placed into four tubes. The sample tubes were centrifuged with a CGF centrifuge (Medifuge; Silfradent srl, Sofia, Italy) at 3,000 rpm for 12 min. Centrifugation divided the blood into four layers ( Figure 1A) , and the second layer or buffy coat and the third layer, also called growth factor layer, were made up of the CGF. 6 Then the CGF was gently squeezed to be a biofilm ( Figure 1B) .
ABG was performed under general anesthesia using standard surgical methodology. Bone grafts were harvested from the iliac crest. Cancellous bone grafts of approximately 6 cm 3 were harvested using an osteotome. After complete subperiosteal dissection of the alveolar cleft, the nasal lining near the anterior nares was repaired, followed by nasal lining repair in the hard palate. Watertightness of the nasal lining repair was confirmed by flushing normal saline through the nostril. The ADM heterograft (Heal-All; Zhenghai Biotechnology Co., Ltd, Yantai, China) was rehydrated in normal saline for 5 min. Next, a ADM or CGF was placed on the oral side of the nasal lining near the anterior nares and in the hard palate as an onlay graft, reinforcing the soft tissue repair. The cancellous bone graft, harvested from the iliac crest, was then packed tightly within the bony cleft. Another ADM or CGF was placed over the cancellous bone graft. Finally, the oral mucosal repair was completed over the ADM /CGF.
Image acquisition and analysis
The CBCT examination was performed at 1 week and 6 months (±10 days) postoperatively. Data were stored in DICOM format. Images were then uploaded into Mimics 17.0 software (Materialise Inc., Leuven, Belgium) to reconstruct the bone graft area of the alveolar cleft. Measurements were repeated three times on different days with no reference to the original data. The average of the three measurements was used for the final data analysis.
Measurement of the bone graft volume and density as described by Xiao et al [7] . The bone graft area was outlined in the coronal, sagittal, and horizontal views. Every plane was labelled layer by layer. The labelled planes were accumulated and imported into Mimics17.0 software 3D images were reconstructed automatically. Finally, the volumes and the bone graft density was calculated.
Statistical analysis
A paired t-test was used to compare the volume and bone density of the bone graft between CGF group and ADM group at end of 6-month postoperative. All analyses were performed using IBM SPSS Statistics version 22.0 software (IBM Corp., Armonk, NY, USA). A p-value of＜0.05 was considered statistically significant.
Results
In CGF Group, the average volume of the bone graft was 1995 ± 771.2 mm 3 at 1 week and 1089.38 ± 573.08mm 3 at 6 months after alveolar bone grafting, giving a bone graft resorption rate of 44.47 ± 4.635%. In the ADM group, the average volume of the bone graft was 1163 ± 725.6mm 3 at 1 week and 581.74 + 298.31 mm 3 at 6 months, giving a bone graft resorption rate of 44.31 ± 5.232% . The bone resorption rate was no significance between the ADM group and the CGF group (p > 0.05) (Figure 2) .However, bone grafts with added CGF presented with increased bone density (61.62 ± 4.728%) in comparison to bone grafts with ADM (27.05 ± 5.607%) at end of 6-month postoperative. A statistically significant improvement in the density was found (p = 0.0002) (Figure 3) . 
Discussion
ABG is a key step in the treatment of CLP. Boyne and Sands proposed the secondary alveolar bone graft repair theory in 1972. 8 The accepted time for secondary alveolar cleft repair is between 6 and 12 years. The goal of secondary ABG is not only to repair bone defects, but also to provide the necessary amount of additional bone for prosthetic implant placement and orthodontic treatment. The effect of osteogenesis in the postoperative graft region is a key factor affecting the success of implant surgery and orthodontic treatment. 9 Therefore, minimizing bone graft resorption in alveolar cleft patients is pressing issue in ABG research.
At present, GBR is more commonly used in combination with other techniques in clinical practice, especially with bone grafting. The barrier films used in the GBR technique are generally divided into absorbable and non-absorbable membranes. The typical representative non-absorbable membrane is polytetrafluoroethylene (e-PTFE film) and the typical representative absorbable membrane is ADM. But the alveolar bone graft was retained better with the absorbable membrane than the non-absorbable e-PTFE membrane. 10 The ADM was completely degraded 4-6 months after placement, and the soft tissue and bone tissue became an integral whole. 11 Additionally, ADM also has a strong resistance to infection and increases gingival keratosis function. 12 Some studies suggest that the use of ADM membrane in alveolar cleft bone graft surgery can prevent postoperative bone graft exposure and reduce the risk of infection, and the ADM can be completely replaced by host tissue with no obvious side effects. 2, 12, 13 More importantly, the use of ADM membrane (GBR technique) in alveolar cleft bone grafting would increase the osteogenic effect of the bone graft. 7 In alveolar bone defect cases, GBR has been shown to be a useful method for treating the bone defect areas.
14 However, although GBR have been known to show good results, it has shortcomings that create other problems. The shortcomings of GBR are high cost, transmissible diseases and hypersensitivity reactions. To overcome such deficiencies, recently, treatment methods that show good results by grafting platelets obtained from the blood of the patient have been introduced. Among them, PRF showed good results and had thus been used widely in the dental field until recently.
14,15 However, after the method of concentrating platelets as CGF was introduced, it began to be used as a new material to replace bone grafts. CGFs are simple to make and do not require any synthetics or biomaterials, such as bovine thrombin and calcium chloride, to make gel, so it is free from the risk of cross-contamination. Although CGF has a complex 3-dimensional structure identical to PRF, it had been reported to contain more growth factors than PRF and a more rigid fibrinogen structure.
3 CGF release growth factors even approximately 7 days after grafting. 16 Additionally, good results with respect to bone defects have been reported for CGF. 16 Different to our hypothesis, CGF showed a similar bone resorption rate to ADM in our study. This is maybe CGF was applied as a biofilm instead of as a gel block mixed with autogenous bone in our study. Another reason explained for this result is the standard deviation was large and the sample size was small. Although not significant between ADM and CGF in bone resorption rate in alveolar cleft grafting, the bone density improvement in cases with CGF was much better than in cases with ADM. Thus, CGF could be consider as a replacement of ADM .
Conclusion
We conclude that on preliminary investigations, although CGF and ADM have similar bone formation in alveolar clefts when used with autogenous bone chips harvested from the iliac crest, CGF showed higher bone density improvement for alveolar cleft grafting than ADM. Therefore, CGF could be recommended to patients with alveolar cleft as a better choice taking economical and safe factors into consideration.
